Introduction
============

Metal nanoparticles with their wide range of applications, such as catalytic systems with optimized selectivity and efficiency, optical components, targeted thermal agents for exploitation in drug delivery and medical therapies, and surface-enhanced Raman spectral probing, have attracted research attention during the last decade. The size-dependent and shape-dependent properties of nanoparticles render them different from their corresponding bulk materials with macroscopic dimensions. Fabrication of metal nanoparticles by laser ablation of bulk plate in liquid media has been investigated intensively in recent research.[@b1-ijn-6-2221]--[@b4-ijn-6-2221] The results of these studies have shown that laser beam irradiation onto metal nanoparticles causes fragmentation or fusion of the particles due to photothermal melting.[@b5-ijn-6-2221]--[@b9-ijn-6-2221] Therefore, laser irradiation can be used to control the shape and size of particles. On the other hand, there are some reports about fabrication of nanonetworks and nanowire structures by laser ablation of solids in liquid media[@b10-ijn-6-2221],[@b11-ijn-6-2221] and laser irradiation of nanocolloids.[@b12-ijn-6-2221] For example, Tsuji et al have found that secondary laser irradiation of a nanocolloid in water can cause formation of a nanowire structure. According to their report, fusion of melted particles as a result of absorption laser beam is an acceptable interpretation of the formation of nanowire. There are reports from further researchers showing that particle aggregation before irradiation is an important factor for particle fusion.[@b13-ijn-6-2221],[@b14-ijn-6-2221] They have found that after laser light irradiation, agglomerated gold colloids become larger, but dispersed colloids become smaller. This means that when colloidal particles are well dispersed in liquid, only fragmentation of particles happens upon laser irradiation. In this study, we report the production of silver nanoparticles in ethanol used as a nonstabilizing medium for preparation of nanoparticles, and subsequent irradiation of the prepared nanoparticles to achieve large structures.

Methods
=======

Silver plate of high purity (99.99%) from Sigma Aldrich (St Louis, MO) was ablated for 15 minutes in 10 mL of distilled water and ethanol in a 1 × 2 × 3 cm^3^ glass cell by a 1064 nsec-pulsed Q-switched Nd:YAG laser (Brilliant laser system) with a 5 nsec pulse duration, a 10 Hz repetition rate, and 360 mJ/pulse energy to produce silver nanoparticles. The experimental apparatus used for laser ablation of metal plate has been described elsewhere.[@b1-ijn-6-2221]--[@b4-ijn-6-2221] The beam was focused onto the target using a 25 cm focal length lens. The plate was then removed from the glass cell, and the silver nanoparticles were irradiated by another Q-switched Nd:YAG pulsed laser (SL400/SL800 system) of wavelength 532 nm, duration 10 nsec, and pulse energy 60 mJ for 15 minutes. This second laser wavelength was used because it had previously been found that silver nanoparticles can effectively interact with this wavelength to become hot compared with 1064 nm.[@b15-ijn-6-2221] The prepared samples were characterized using an ultraviolet-visible double beam spectrometer (Shimadzu, Tokyo, Japan) and a transmission electron microscope (Hitachi H-7100).

Results and discussion
======================

The ultraviolet-visible absorption spectra of silver nanoparticles inside ethanol before and 15 minutes after laser irradiation at a wavelength of 532 nm are presented in [Figure 1](#f1-ijn-6-2221){ref-type="fig"}. Here it can be seen that the surface plasmon peak shifts a little towards higher energy and the spectra width become a little narrower after laser irradiation. According to Mie theory, this shift corresponds to a decrement in particle size which originates from fragmentation of the nanoparticles by 532 nm laser. On the other hand, the decrease in spectra width is related to a decrease in the particle size distribution within the ethanol after irradiation.

[Figure 2](#f2-ijn-6-2221){ref-type="fig"} shows transmission electron microscopic images of silver nanoparticles inside water after 15 minutes of irradiation at 532 nm. In [Figure 2A and B](#f2-ijn-6-2221){ref-type="fig"}, all the silver nanoparticles are interconnected with each other and form a network structure, while in [Figure 2C](#f2-ijn-6-2221){ref-type="fig"}, silver nanowire was formed. Thus, our results are in agreement with previous work by Tsuji et al,[@b12-ijn-6-2221] who produced nanowire in water by irradiation of silver colloid at 355 nm, and explained that fusion of nanoparticles that had been photothermally melted by laser irradiation was a possible mechanism for formation of the nanowire.

On the other hand, it has also been reported that particle aggregation before irradiation is an important factor causing fusion of nanoparticles.[@b13-ijn-6-2221],[@b14-ijn-6-2221] Previous research has shown that preparation of nanoparticles in ethanol using 1064 nm laser is less stable than when the procedure is performed in water.[@b16-ijn-6-2221] The main reason for this instability is related to the dipole moments of the surrounding molecules. In the case of ethanol, the asymmetric charge distribution on the surface of the nanoparticles causes dipole--dipole interaction and can lead to linear assembly.[@b17-ijn-6-2221] Due to Brownian motion of the particles in solution, the particles attract each other and become aggregated because of weak repulsive force and dipole-dipole interactions. Therefore, in this experiment, we used ethanol as a medium for preparation of silver nanoparticles to increase agglomeration of nanoparticles before irradiation. [Figure 3A--C](#f3-ijn-6-2221){ref-type="fig"} shows transmission electron microscopic images of silver colloid in ethanol after irradiation at 532 nm.

As is clear from [Figure 3](#f3-ijn-6-2221){ref-type="fig"}, the structures obtained in ethanol have a different shape to those in water. [Figure 3A and B](#f3-ijn-6-2221){ref-type="fig"} show formation of large bent nanorods and straight microrods, and formation of microbelts is very clear in [Figure 3C](#f3-ijn-6-2221){ref-type="fig"}. The microbelts obtained had a width of 0.166 μm and a length of 1.472 μm. Therefore, the results show that aggregation of particles before irradiation can cause formation of large structures, such as microbelts.

Conclusion
==========

In summary, we have irradiated silver colloids in water and ethanol by laser with a wavelength of 532 nm. Our results show formation of nanowire in water after irradiation, while in ethanol we obtained larger structures, such as microrods and belts. The formation of such large structures may be due to aggregation of the nanoparticles in ethanol before irradiation, which causes fusion of the nanoparticles.
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